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T3re potential for 4-MntobfeigtfeeiiiyS (4-ABP) to fee tramfferEedl 
Tram c.rviiijilng Stood into iBse milk ©if fecteftig Sprsgsis- 
D&wfey rot-.: vms dstemtned. Hie distrifeuel®® of ,4 C«!@te«M 
4-AB1P into nsSk 'xqs ednM at time intervals of <1,2®, 
S3, -12®, 24@. and 480 min after I.?, tee 
Elimination of redfoactivSiy bom M and mills was deter- 
mined to lie- 5>i{phas!& The levels ■of , 4-ABPmid/ttr meSabnHtes 
wsre lower 1st milk ttei in blood at sffi time points exwrawsS. 
The levels of radiaactivlty detected in total® doffimi less 
rapidly tto*.r. ne mills. Ttas is, the pEPcent of ft® tee pw rasl 
Oft! trod tJ ned fmim 0.81 -0.4JI, wMle the percent of ft© 

tee .pee dal of sniffle declined from 0,33—(fcftS.dun'inig tite S Si 
time period. The radioactivity prtsse®* in milk was partially 
esteftttostk: vrift ethyl acetate with 43% of the radioactivity 
toeing extractable at fils® eeriest time .point while «Sy M% 
wssoxtHsetafole .after 8 St. The level of radioactivity associated! 
'with the aroteaa precipitate of 4!w milk, samples inesfeased 
from 4-21% witfeim.4 is after trmtmrat. The potential of 
4-ABP or its metabolites: to expert a gemotoxic effect on 
nwtarii pups vm sststerffislfrassfer was Aoe&aitiitsd. B»s 
were treated ®is day 1 post partes ad tfem d$% with 4-A®P 
(I© rng/U.g) in: cows ©51 or corn oil atone for % weeks. Each 
fispssietentaj grfflfflp ted ious* liters of pups ®sda. containing 
5 paps. Puss were sacrificed at IS days of age, separated toy 
satjf- &i:d ft* laurels of 4-ABF:DNA adducts to Iver deten mto ed 
fflstog 3ji F*po3filabeliisg. BNA adduct .pro©® were similar 
between ittais and .female pups wife total adiuct levels of 332 
and 338 fesoH ,®F ■ addcicts/iug of DNA, respectively. Ttsess 
reitiks indicate that -the geaotoxfc effects of 4-ABP can fee 
iansoiM from exposed dams to fc aurahig offspring. 



The occurrence and carcinogenic activity of 4-aminofoiphenyl 
<4-ABP-) has previously teen reviewed (1,2). Recently, methods 
have bees developed .to determine the dosimetry of 4-ABP in 
ho mans by analysis of its binding to hemoglobin (Hb) (3-5). 
in studies performed with humans, 4-ABP was detected 
covalently bound as the sulfinic acid amide to Mb at levels ranging 
from ;0-26© pg per g (5), The mean level of 4-ABP binding 
to hemoglobin in smokers was 154 pg per g lib as compared 
to 28 pg per g 1-lb for nonsmokers. These data are not unexpected 
in viav/ of the fact that 4-ABP is pnsseiit in mainstream cigarette 
smoke at levels ranging from 2—5 ng/cigarette (S). Several 

°A W-y r«ov y\!• rai;. 4-A BR, 4-&nunc^>iphenyi; Hb, hemoglobin; NNN, N-niirijso- 
nomiciramk; MHlC, 4-(mttihylmtrosamino)-l-fcmiimone; BaP, 

btm^lujpvrene, 

f>m.t ^ 


aromatic amines, including 4-ABP, are suspect human bladder 
carcinogens. It has been suggested that the presence of these 
aromatic amines in tobacco smoke may be a factor responsible 
for the elevated risk of cigarette smokers to develop bladder 
cancer. 

Twenty to thirty percent of nursing mothers arc cigarette 
smokers (7,8). to recent studies wc have shown that the tobacco- 
specific carcinogens Af-nitrosonormcotine (NNN) and 4-{methyl- 
mtrosamino>l-(3-pyridylH-butanone (NNK) as well as feenzo- 
{alpyrene (BaP) are transferred into the milk of lactating rats. 
The concentrations of these tobacco-related carcinogens in milk 
were similar to those detected in the circulating blood of the 
treated dam (9). In this study we evaluated the extent to which 
4-ABP and/or its metabolites are transferred from circulating 
blood into the milk of lactating Sprague-Dawley rats. 32 P-Post- 
labeiing analysis of DNA adducts formed from nonradioactive 
carcinogens permits the detection of adducts from microgram 
quantities of DNA (10.11). This approach has been used to 
examine DNA adduct formation in various tissues following 
4-ABP exposure (12,13). This methodology has also recently 
been employed to detea transplacental DNA damage induced 
by safrole, benzoialpyrene, and 4-ABP (14). Using this 
technique, we have also examined the potential for DNA adduct 
formation in the livers of exposed male and female pups as a 
result of maternal transfer of 4-ABP and/or its metabolites. 

Materials amdl iraatSMtds 

Chcmimls 

I Ring U- |J, CJ-labelcd 4-ABP (60 mCi/mmol) was purchased from Chemsyn 
Science Laboratories (Lenexa. KS). Emulphor EL 620 was obtained from OAF 
Corp. (Linden, NJ), Nembutal (50 mg/ml saline) was purchased from Abbott 
Laboratories (Chicago, IL). Oxytocin (20 U/mt) was obtained from Butler 
Company (Columbus, OH), Triton X-IC0 and f-batylhydroperoxirk (as a 70S 
aqueous solution) were purchased from Sigma Chemical Company (St Louis, 
MO). Monofluor was obtained from National Diagnostics (Manville, NJ). Chem 
Elut extraction tubes (# 1005) were obtained from Analytichem Jmemationai 
(Harbor City, CA). 

Bioasxsy ru determine extent of transfer into ttitift 

Female Sprague-Dawley rats with iheii natural fust bom litters were purchased 
from Charles River Laboratories, Kingston, NY. The litters were received whet) 
the pups were 4-5 days old. Each dam together with her litter was housed in 
a solid-bottom polycarbonate cage and fed Purina tab chow ad libitum. Animals 
were kept tinder standard conditions (22 ± 2°C; 50 ± 10% relative humidity; 
light-dart cycle, i2-12b). 

Dams were separated from the pups for approximately three hours prior to 
treatment on the eleventh day post pamim. The levels of 4-ABP and its metabolUes 
were determined in fheblood and milt of Four dams at each time interval of <1, 
20, 60, 120, J40 and 480 min after i.v. administration (tail vein) of 81 nmol 
of '’’C-lahtlcd 4-ABP (60 mCi/mmol) in 0.5 ml of 30% Emulphor 620 in water. 
The dams used at each bmc interval were anesthetized using Nembutal (35 mg/ltg) 
-15 min prior to removal of blood and milk samples. From each -ntmrtl 200 pi 
of blood was obiainad from the retrobulbar venous plexus before and after miBtinE. 
Milking was performed as previously described (9). The time required to milk 
each dam ranged from 3-13 min, with the average time being 7.3 min. The 
volumes of milk obtained trout each of the dams are listed in Table l In a limited 
study the effect of dose of 4-ABP on the extent to -which it could be transferred 
two the milk and blood of lactating rats was investigated, in dtis study four -terns 
were iujeoad with 27 gtnol of l4 C-latreted 4-A0P (0,3 tsiGi/mmoil stood sad 
milk samples were collected as described above 60 min after dose vduuuistratioit, 
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VtitSe i. TSmi creme jet die dlstnbjtioo .w' ^C-Lafeieil d aminutiipiirrvyt in 
*h£ niitic luu 5 bloo-J of locinting ragu 


Time - . \>Vt of 


4-AEP in rallt 

4-ABP in blt^d 

fjpi.ii) ! ni> cLym i*g) 

of rnijfc hnjf 

per ml 

per tid 


UfrfrWfl!}' 

(vi of dorei • 

<1.0 : r 415.. 

4.65 , 

0.32 

0.71 

2 . '352 ■: 

3.05 

0.38 

0.93 

. ; J ■ 39 7 

3.02 

0.39 

0.73 

■ '4--... ' V364 

* IV. 

0.42 

O.Jv/f 

Average ± S£ : i IT 

3.43 ±0.41 

0.38 ± 0.02 

0.81 ± 0.05 

20 5 381 

3 : 5 ® 

0.16 

0.77 

6 

3.40 

0.15 

o ,n 

r ., 374 . . 

1 tK'l 

0.12 " 

0,69 

Average i SE 393: e= i6 

2.7J ± o.tn 

I). 14 ± 0.01 

0.73 ± 0102 

: to 7 S 436 

3.S5 

tm ry 

0.58 

9 377 

3.90 

0.08 

0.59 

10 321 

3.05 

0.10 

0,53 

II 4CS, 

3.65 , 

0.07 

0.48 

Average, -t SE 386 .25 

3 .61 4b 0.20 0.08 ± 0.03 

0.55 ± 0,03 

120 12 3S7 

3.0Q " 

0.09 

0.49 

H 321 

i 10 

0,07 

0.61 

ID, 37& 

190 

6A0 

0,30 

T5 332. 

4 10 . 

0-07 

0.39 

Average ±: Sir 355 ± 16 

3.30 i 0.37 0.08. ± 0.01 

0 52 ± 0.05 

240 16 367 

4.85 

0.08 

0.52 

37 

4.51) ••' 

0.09 

0.46 

Jt; 335 

3 40 . ■ 

0.13 

0.37 

Average 3E 367 ± 1? 

4.25 ± 0.43 0.10 ± 0.01 

0.45 ± 0.04 

480 .19 .362 

5.20. 

0.06 

0.50 

20 420 

3.80 

0,07 

0.32 

•21 •426 

2 .90 ; 

0.05 

039 

22 362 1 

2.20 

0.05 

0.58 

Average ±r SE 4f#G =i= 17 

3 .52 ± 0 64 0.06 ± 0.01 

0,45 ± 0.06 


“Tite lijUj Miinrvjri/i'il in this table reflect tiie -results;.obtained ftp-ill the 
. tnirtmsrti nf encl) diim n-■ Eli S.O'/rCi of ■?■/!Bp {6 niCi/mruot). 

•tFour’dams were also treated with ,8.2>Cl of w C-laW«l 4-ABP 
fU.S.reQ'niiiio)). 'The average percentage oflfcc dose detect**} in blood and 
milt; ut) min after dose Edministmtion was 0.8f ± 0 05 oud 0.22 ± 0.02 
percent per ml, respectively- 

Ar^ilysi' of'i /tf'.i 1 in biadd and nvtk 

Blood samples <20 ;d) obtained front she dt ms adniinitfered IJ :.’ tibctcd 4-ABP 
of .'ibe-'vehicle-'al'cate -were digested and analyzed using an improved! method 
: (D-Ecr^r*, persmiul e.otrtmaiiticaiic.Ttf compared <<> list previuu.vly employed 10). 
3!cad samples. (2C0pi) went initially treeted with 0.5 ml of 2.0 TiaOHiUtd 
pliiced ir> - shifting 1 nf 55’’C fnr % ’■ or urnd nil >.:>lid msKiltes were 

dissolved. To tatft sample utd added 0.5 mi of a 70* ai|uetijt> soUiikm off-buQrt- 
hydioporoiitJfe. These iolutions tstitv. allowed to stead overivigivi prior to the 
additiarf of 0.7 ml of* 50% ifelicsstiti and 0.5 ml or scinlillntion gentle Triton 
X-1CO, After nridiLdo nt Motcotor (10 mil), samples ware left so tfteti in th© 
thirl-: overnight prior to being tonntod. Sliinil values represent the average from 
iltiod'iar/iple.s (alien hefoteand after milking. Kidioictivtty in mil!-; samples «** 
de:c..vjii v 'l t,v firvcL l] ‘l;oiVcr. !non;: tv, s.nnbinini' 1.0 ml aliquots oflnillr 
crLin 20 mi of nvil'dii-.r scintillittica fluid. Stumpier, were counted within lit min 
After m'wiriR to assure It etneseneisy as £ precipitate develops after several hours 
room rmr.p.ntont'. Deto were furilter amdj'zed v.iii' s'KCTv.C. tj computer 
progtrnr teed io eslicmw tire biological half-life of t- si rcdujactivicy ia tie: blond 
arid mill; (IS). T 

dbyodysis of prauin boiai-i end oihyi acvtuli’ asrufiable residue:* of 
J ’i~ .ytcit.r d/Ed in r. -jlk 

EiidtenKivlty la ipilff was furoter cjiartcteritivi as being protein bcaid or c.hy! 
-'.vvL'.'f-' eatrcctebie using tite fnllntviitg prtirsrdure. Approximate N. 7. nil of tnilL 
samples .was epnired ro.au.C ml Churn Elut.Cnlntatiori tube svhieti Itud u.'.rii 
ffeviatiL-ly tilled tvidi .15 ml oi'acotc-ite. The initial entectm aw^asts solution and 




Fig. 1. levels of radioactivity after i.v. administration of ,4 C-labeled 4-ABP 
<60 tnCi/mirtoI) in blood and milk nf Isolating dams 11 days post partum. 


TaMe SI- The InGuenee of tnarental transfer tm the formatiott of ftK i\ 
adducts m male and female pups“ 


Experimental 
tio. of litter o 
4-ABP 
treated darns’ 

No. of pups ftttol adducs/ma liver i>NA b 


f 

M 

F 

Butanol extraction 

Nuclease P 

f 

M 

F 

M ' 

F 

1 

2 

3 

539 

377 

138 

95 

2 

2 

3 

326 

354 

63 

44- 

3 

2 

3 

172 

241 

39 

52 

4 

3 

2 

314 

355 

53 

93 


Average ± SE 

338 ± 76 

207 ± 31 

74 ±22 

69 ± 13 


a Titc control employed for ibis study consisted of four litters in which the 
dans was treated with com oil as .outlined in 'Materials and methods' - Of 
file five pops which were tnaimained in each conlml Irtter, fe distribution 
of males and females was 2:3 for three with [he fourth H iving three males 
aid ;wo females- Representative P£!-cellulose TLC map? 1 of ,2 ?-Iabeled 
liver OKA from cotutol pups is illustrated in Figures 2 end 3. 

’’Adduct levels were estimated by removing spots, from the PEf-eetlulase 
TIC maps and counting by liquid scintillation counting The specific activity 
of the ly- 3J P) uscd to lutel the adduces was determined by seaEuting the 
incorporahon of *’P jiho a known amount of dsoxyatlvr s iinc 
3'- rroijgphiKpibate. 

c Fo-j: untie pups were also injected with 0.6 pmol of 4-AJ8P at Id days of age. 
Control pups for this study consisted of pups created with 20 jd 
ditraethyisullojide. The liver,EhJA isoiated from the treated pups had a 
similar profit sdditets On PEI-celtutoie TLC plates as tho pups obtained 
from the pooled liver samples obtained from the male and female pups from 
Jitters which Were nursed from dams treated with 4-ABP. ' he livers of 
these pups contained 162 and 33 tmol of 4-AH2 odtfucts'mg'DFA as 
detemuned using the husanul extraction and nuclease' ?•) prcorJutcs, 
rvifuctivcly, 

on ;:ddidonuJ.S0 ml of elh; 1 icetale v.areclutoJ ihruughihe column by employing 
n slight vacuum Tile protein which 71 'ecipi^-d from tht.-iTiilk ix'jmpit -crcinng 
the extf£ciioii TcrtVAhu'tl on she c4i^c=r. ^suzc at the itvp of nu Chum plut tyije. 
The euiyl -iccvdte eluent v/tss c<wecmrat:«S ;>i vxclo to a r»iui! vnluin^ of 10 irU- 
fhe ar.T.;c!i\( of-rsulioacuvity in the cihvl «cetaie >)uvnt xvas dct^miincil cy < ujuftl 
c AH)tiUaik)n ecuntmg. Tilt jH'jtein which v/ji> reudntd the coitoji ^auze vas 
rcnH'vctl iiild placcti in a scintillation vsal/'rhiJ* material wiLs trv^ttrd v/ith 3.0 nil 
o< } .0 H MaCPs tor 72 h.as v-rii shiAin^, After addition crf'Lt.vi nil of 70 
:'.qv"ous /-buiylhydroforoxidc. dttiit were Sc.lt ovcrnishl. Aeeue acid 

(0.4 n\ rtf l* ':<{)% iit^eca'i'-.sMSijtiri'ri). 4.0 nn of Ttiiod X iWj imj 10 m) at 
iVior>uflucir VAoe i.'Jucd. These v-cre left fo vtand in the dbrf; a^ 1 ?might 

p.ikM 10 «.'.e 5 ?nrci)iTig <h;- ^moar-t m mUja:ciiv ; ity pttudvsf hy. ].iq<in;? scintiUnticui 

euureij?. 
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Kg. 2. Autoradiography of PEI-cellulose TLC maps from U jig of liver DNA of male pups from treated dams receiving corn oil (control) and 
4-aminobiphenyl (4-ABP). Dams were treated on day 1 post-prmim and then daily with com oil or 4-ABP in com oil for 2 weeks. 32 P-Posilabeting analysis 
was performed using the butanol extraction procedure with experimental procedures being performed as detailed in Materials and methods. Autoradiography 
was at —70 C C for 12 h wilh intensifying screens. Arrows and numbers indicate locations referred to in Table IV. OR-origin, 



Fig. 3. Autoradiography of PEI-celiulose TLC maps from 11 ng of liver DNA of male pups from treated dame receiving com oil (control) and 
d urninobipltEDyl (4-ABP). Dans were treated on day 1 post partum and then daily with com oil or 4-ABP in com oil for 2 weeks. 32 P-PostltibeUng analysis 
was performed using the Nticlease Pi procedure with experimental procedures being performed as detailed in Materials and methods. Autoradiography was at 
—70°C for 12 h with intensifying screens. OR,-origin. 


Btoasiays on rfc fcnnaiion of DNA adducts 

Eight fimab-pregnani Sprague-Dawley rats were divided into a experimental 
and a control group comprised of four dams each- Within 24 h after birth, each 
litter was reduced to five pups per litter. Dams in the experimental group were 
treated vyith HI mjhtp 4-ABP in 250 #1 com oil. Dams in the control group 
received 250 gl.com oibfcg b w, Both groups received-sheir first s c. injection 
within 24 It after giving birth, followed by daily injections until 14 days post 
.partum All animals were sacrificed when the pulps were IS days old, The livers 
of lire pups were excised end pooled for each filter according to the sex. The 
number of mute and female pups id each litter 1 is provided -in Table A. DNA. 
was isolated from the p'jclcd livers of the mala and female pups as previously 
dewribad (S'). DNA tdtlect fonj'Sticn resulting from the maternal transfer of 4-ABP 
was determined as outlined below try --p-posL'labriiiig. 

The ability of male pups to form 4-ABP:DNA adducts-after administration of 
a single i.p injection of 4-A3P was also inve$iij.j6ted. Tour male pups at24 days 
of age were rejected with etdas ICO gg (0,5 junoi) of 4-ABP in dtafflhyl sulfoxide 


(20/d) or dimethyl sulfoxide alone. These pups were sacrificed 24 h after 
treatment. Livers excised and the DNA isolated as previously described (0). The 
extent of DNA adduct formation was determined by 33 P-postlabeling. 

n P-PostUtbelms of liver DNA 

DNA was digested to deoxyribonurieotides and postlabeled with 3J J» as 
previously described using die Nuclease P| enrichment (12) and butanol 
extraction (16) procedures. Each sample was labeled using 24 j<Oi of | - r ,2 Pj* 
ATP. The specific activity of the radiolabeled AT? used ranged from 
9S8-1S0D C'i/mmol. No significant differences were observed L-i the levels of 
DNA adducts determined using ATP at either extremes within this range of specific 
activity. (■y.^PJATP with a specific activity of 95S Ci’mmol was used to obtain 
the results tabulated on the levels of the DMA adducts. Postlabeled 4-ABP: DNA 
adducts were cltiwnstographed on PEI-celluiosc TLC plaids (Polygram cd Plii; 
Brinkmann Instruments Co,, Westbury. NY) using a five direction;)! developing 
system as described by Dunn and Stitch (17), The mobile phasts.employcd for 
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Tabfe UL tyrrciii of raakxirijvi ty 

in flUir'i LUvSOc"tflllf£» 

*hi ethyl aceiatL 

(il.TT 

; Koeiiae . 

Prc iisi : 

tlcsidiril.. 

i m nt T ' 

' ;e?anarfc-(4-V. 

pr^i ipitirie (w ) 

TSTjinsclivft} -1 ' 

■t i 

4.1 , 5 ' - : 

4 ± 1 

53 i b 

50 

18 ±1, -' k 

6*1 

56 ± 

60 

’30 ±1- 

12’ ± i 

61 * 2 

12(1 

'20 ±3: 

16 i 

60 t 1 

220 . 

10 '!,• 

21 ± 1 

69 ± 2 

4k0 . 

16 ± -: i 

16 -Jz 2 

68 ± 2 


^Values represent, the. mean .zb : '.SE- 

^The nui'obfi- of milk sample-used .far.shfjsc <2»terniii>flhoris were 3, 2, 4, 4, 
3 cncj 4 al eiiCti time point of < i, 20, fit). 121?; 24ft ami 460 irfn, 

rcspasiively. 

*f jUsiduU' ir^mttivuyj refm to the airicmrlof jTdicwciivity um^counted fui 
in ciihcr the cihyt aettue csirtti or’protein praniiatc riicqn ± SE LiniJ is 
pfrfirjncn^l to its point rcawriak retained oa too Chcm Elut column. J 


Ttffeiff ilVi : Relative distribution of. liver 5 >Ma ediiutt* of -4-ABP as 
uetpnji ijieJ-.after-PH f-vcllulo5:c TLC 


Le«Uo.n* 

• Route wf exposure , ; 

MritiirnsJ lrT»‘.5fer Siiti^peritOtieal 


^?c*ten\ of -total -ONA. adducts detected) 

]^3?aie 1-oniiJc Male 


l , 55 55 48 

2. -y* :->2 41 

5 13 3 10 


/-’DMA udeucts indicated by arrows in FigLine 2 were removed from the 
PE?—cellules? plate und ih.e tola! airwiurns of radioactivity determined by 
Liqiid scintillgtion counting. The relative d slnfrution of 4-ADP:DNA rts 
indicated.by arrows in figure X ‘were determmsd to he 65, 22 and 13# for 
location I,' 2 attii 3« res[Krctivctv. 

each iliipcsimi v.-ere as-fo!loves: Dl: 2-3 M sociumchoaphate, pH 3.8; D2i 3.75 M 
ammonium foiTrciic. pH 3.5;D3;'5,3- [■/.! li ilium formate, pK 3,5, containing 
S.5•ivS'.unea;; 134:: 1.1 6Vt Ijijiiurp. chloride* 0 45 M! Tris-Cl, phi l».Q, containing 
8.5: Ki- tiren; D5; 1. 7-\i sniiiiim phosphate, pM 6:0. The maps of D>-A sddijet 
were visineji 2 !ed by^ scrceii-cnhanc^d fcutorfHjiogrjphy and the levels of vJdOCts 
deicnfiiasd as previously discribed (!3>. 


healths 1 .: ' 

The 'date on the’.transfer of 4-AKP aivJ its nseiabolites from 
circuiatiag bided to the mi)’: of tenu-Aing rats at tints interval* 
of < 1.0, SO, ®>, I20i 240and4SG mi;t .afterdossffiSiT.irnsirs.tiop 
•'ajtj-sumirfaji 2 «f utTeble I. T!k difference Li fee extent to -which 
4 -.hBP: aid/or,' its. metabolites ••pe-'sisr in Wood sad miUt is 
iiluctrated in Figure 1. Elimination of racKjEctivify from bleed ■ 
and 'miitr v/as dsiemsitisc to be bipkasie by nonlinear regression 
army sis , vtith tisfe.fiiht.y the cwiisrci! C(. f ) = Cji; - ' ?l -:- CjS 
: Front .this-e/jits-ciOR-;- tidi-li ves were cateulaced for toe i apkt and 
slow phases qf eSirniratioR. The ttelf-lives of /ssjeacdyji.-y 
from bfooa aiici mjUv tverd. calculated to to 24-aid 
8 ttutt.foV'te n-pio pteie ana 33 &nd ?J h for th? stow pause, 
respectively. Ths quantitative data in Tabbl.- reftes Rot 

ottlyilbciovsls of 4-ABP auJ its metabolites *3 -booh raiik cod 
blood, but also ihs levels K? which-4-ASP and its. qratabotites 
ro.ay.'.tw bound to- protein or tsha? trsfficrtHiiotwjlcs.- 
:. T>"~ estesl- to ./iiic’i 4-rAi3P an-rf/or -.its istatabolftcs .couto t*o 
:'(&$faiete££<;TQ sbsor&id on fits- Chsro Klut ttfa- ai various 
iici3 jfcin-S wbs also ckt<;rifi2£i£d. s-Se Tsbit SO. A greater &an 


95recovery of urtmeSaboliwI 4- AB? fror* sr-ilk spiked -with 
IJ C0absiod.:4-ABP. was’ otsainat aising'.thcvn. Elut. tubes's>id 
csityl eeetyta extraction. TitE pe^eeiti of radioacfivtty in the ctliyl 
aeetats sxtnic: decreased-vrit-t.time faun 43S.to s.i average of 
, i'6.% oi tlis toiit!.arvioum paessntjn ti:e. v.hoic tniil;-sample. Mse 
.arncunt of hadioacSvity asHociatcti-with the.-protein prectpiiete 
increased v^hfi tinjeftbistiiS. average of .4—21% efthe tcuai ;;.nr> 
ectivity detocsstl ii',>hsfrii)l; i-f-er4 !ii. Ths amount of rariioacrivity 
detected;in the-ethyl -acetate extract-and-fits.protein piecipifcte, 
jiRWeivcf, nsve? exceeded 47% of the teal dSteetaHc rudtpaaivity 
in the v/ho!e milk sample. These data'‘itdicate- that e substantial 
pordoifo? thetntdioectiviiy in these milk samples was r.jlasned 
on che Chem F,h»t cbiunm. 

The extent ;c which 4-ASP tonus DN/i. rdducts was examiitKl 
tn trie livers cf mate and vemaJb pups c.ifoseii ic 4-AfiP and its 
njetaMiies thtuisgh- tatsema’t tiapsTer ilutistg nursing. Thetdadve 
.levels'of adduct was -ictcv-mined using the butanot 

extraction Hid aucleas:,.?! procedures (Table 31).-UNA adduct 
pdfiems srone quatitatively similar for bath male rmd female pups 
when analysed by either she butanol extraction or nuclease Pi 
pf^l.aMing procedures. Representative TtC’tnaps of fires DMA 
adducts observed from pups nursed from a dam treated with 
4-ASP ttre illustrated in Figures 2 and 3. The relative distribution 
of adducts in the specific zones indicated in Figure 2 are listed 
in Tabln'W. These ^ta clearly indicate that the liver DWA of 
both male and female pups exposed to 4-ABp via maternal 
transfer are. modi ned to simitar extents. Similar profiles of 32 P- 
postlafceied DM/';, adduces were obtained from males injected with 
4-ABP as coir-;3E;-ai to males .and. females exposed by material 
transfer so 4-ABP. The average level of adduct DMA present 
in the liyer bf pups 24 h afler receiving a singie i.p. injection 
of ICO ng of 4-A(&t I was less than that detected in pups ntsrsc-J 
for two weeks from dams receiving 3 —4 mg of 4-ABP daily by 
s.c. injection during this psried (Table 1). 



The.resuits of ms di«tribuiior, of 4-ASP in lactatiog darns clearly 
indicate ..that 4-AS? and :.s mefablblstes ca.- be transferred into 
■mill;. The elimination ©?4-A£P and its metabolites from milk 
and biccdwas Diphasic with the temdnsd elimination obust tciog 
more rapid from milk cion blood, with half-lives of 2 1 and 38 h, 
respectively (Figuta 1), Studies in laboratory cnfctusls and lit 
humans nave sir own' that 4-ABP, by the ■ intermediacy cf its N- 
nitrovo metebolite, caa bind to hemoglobin. The lifciime o; rod 
bleed cells in rats ana humans is st>kvo::inisidy 50 and 120 days, 
HBspsctiveiy ( 1 8, IS 1 ), ittedeacancoqf wASP herriog.lobisi addc.cts . 
in-blood has also fecss sfrtfwa ;o be slnriier to the lifetime of red, 
biccti cells ir bath rsks cr.d humans. Thus, tine rs&j ofelirninaaon 
of- ,4 C4abeied ^ASP uos;i bleed--could be Ifcciy a resultof'the 
•fo:tn«'jc«! o- suoir tcoteit .adducts. This later ray likely be 
responsible for the. considerable difference observed in the 
biological half-sfves of the tenr.ins! clteiitrtdici; phase of 
hr blend-*s complied to milk. In sedition, the conccrrcriition-of 
4-A2P one its-mctebciites v/as 7,- pdl-ibld higher in bicod fe<t|t' 
tn iftilk. This ofcsfja-atiou tiifTsts ia-r.; r.i: proviodsiy ttnhijped 
with 3aP, IJMIf -aid WWW. ID the previous study pcrforiacU ok 
the distribution of these earcinogcss icto- the milk -of teetating 
. Sprague —Ditvriey rais.'si v/as sliov/a that their couccrdsttlmi in, 
bleed after l c was situ iter so that in the milk. The oteservatio^: 
dtet:4-ABP is decsctftd in ths blocij of bu mans end in elevated 
levels in .fix- bleed of s-nokers/suggests d'set 4-ABP. could also 
. be htiasftnted iofo the milk of nursing vnolhers. 
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The percent of the dose of 14 C-labe'led 4-ABP transferred -into 
the milk, after i.v: adminssifation is: lower than that obsuWted 
previously for dams; treated with BaP, NNK or NNN (9). Its this 
previous study, higher levels of teo(n NNK and NNN 050 prrtnl) 
as compared to 4-ABP were employed ic evaluate their distri¬ 
bution into the milk, The effect cf art increased dose of 4-ABP. 

<#>mol) indicate that a- greater -percentage of die administered 
dose can be detected in the milk ;:nd blood 1 h after dose 
administratioji. 

Our data on 4-ABP distribution 'indicate that a large amount 
of the total material detected in milk is likely to be metabolites 
and/or polar derivatives of 4-ABF, That is, based upon recovered 
radioactivity, dte amount of material accountable in the ethyl 
acetate extract and the protein precipitate never exceeded 47% 
cr the total radioactivity detected tin any of the whole milk 
samples. Therefore, the remaining 5355 of the material ssheliesved 
to be metabolites and/or polar derivatives of 4-ABP which are 
retained by rhe-Chem Elut tubes, Tlte presence of metabolites 
or polar derivatives ds also suggested by control experiments in 
which greater than 95% of 4-ABF spiked into milk is recovered 
using identical analytical procedures. In addition, the amount of 
radioactivity associated with the ethyli acetate fraction decreased 
at longer times while materia] associaied with the protein fraction 
andretained on the Cheiii Elut tubes increased. This shift in die 
ethyl acetate extractable material would he expected with 
increased overall metabolism of 4-ABP at the later time intervals. 

The formation of 4~ABP:DNA adducts in newborn rat pups 
following the jiKtemal transfer of 4-ABP was determined using 
the butano! extraction and nuclease Fj enhancement variants of 
the 3I P-posflabeling procedure. Beth procedures have been 
employed by others for the detection and quantitation of 
4-ABP:I>NA adducts <15). Since 4-ABP C<5-$ubstitoted deoxy- 
gaanasms 3’-monophosphates are known to be dephospltcsylated 
by nuclease Pj, the butanol extraction procedure is site preferred 
method. In this study, both analytical procedures were employed 
for comparative purposes. DNA adduct formation was detectable 
and qualitatively similar using both postlabeling procedures. 
Differences were observed in the levels of adducts detected as 
Weis as in foe .amount of background nucleotides present. The 
butanol extraction procedure resulted in two spots, in addition 
to She 4-A3P;DNA adducts, teeing di tec ted in both experimental 
and control DNA digests. These spots accounted for —0.29 pmol 
of materjal/mg DNA and were not detected when samples were 
treated with nuclease P( (Figure 3).. 32 P Pastlabeling of DNA 
digests hydrolyzed overnight, as opposed to 3 h, and subsequently 
analysed using, the butanol ,extraction procedure also produced 
these nuclease sensitive spots. These data suggest that these 
additional spots may be nucleotides, which are butanol extractable 
arsd not tuihydrolyfod DNA. Quantitatively, the butanol extracsioa 
procedure resulted in c 3-fold grater adduct level than that deter- 
nsiaed using the nuclease ?j procedure. The lower values 
obtained with the nuclease P t procedure may result from the 
dttphosrihorylatton of C8-substianedl deoxyguanosine S’-owmo- 
phosphats acducta. Al&cugh further studies arc needed to deter- 
■mine ■foe rkruclurai nature of lit® 4-A3P"J>NA adducts detected 
in this sfody, it is evident that DNA adduct formation in newborn 
pups following maternal tr ansfer is ^stectebie by both the butanol 
extraction and she nuclease Fj procedures. 

Newborn mice nave been ured terbsoassisy the Carcinogenic 
activity of i-A BP (26). During e-ach of the Srst 3 days of life, 
RcwJrom mice were injected ex. in trie interscaptilar region with 
.203 jig of 4-ABP. After 52 weeks-,.95% of the male and 17% 
of the-female .-mice vested wills 4-ABP developed hepatomas. 


Newborn male mice were clearly more susceptible to tire 
carclnogeitic effects of 4-ABF. The tecidcpue of liver tumors 
obterved aihong .female. mice as compared.to controls in this 
bioassay was rest statistically significant <r' < 0:05). !n our study, 
newborn rats were nursed from dams which were treated with 
4-ABF in Corn oft or;With com oil alone. DNA adduct .formation' 
intite liver was detectable to both male and female newborn rats. 
However, the levels of liver DNA adducts as determined by hath 
postlabeliKg methods were not - significantly different between, 
male and female pips. 

ft is of interest that higher levels of DNA adducts, were detected 
in rats exposed to 4-ABP by maternal transfer despite the 
estimation that they were exposed to a lower total dose than those 
receiving an i.p. injection of 100 jig of 4-ABF, One can estimate 
the total amount of 4-ABP or its metabolites which have been 
transferred to the newborns nursed from treated darns in this 
study. Since each dam received 4,0 mg of 4-ABF daily for 
2 weeks (56 mg, total dose) and assuming that 0.2% of the dose 
(based on milk transfer data) was transferred to foe 5 pups 
maintained in each litter, one could calculate that each pup would 
receive a total dose of —22 /rg of 4-ABP, Therefore, pups 
receiving aa i,p. injection of 4-ABP were exposed to 4-fold higher 
levels of 4-ABP than nursing pups. It should be noted that several 
factors such as route of administration, dose frequency, and age, 
however, preclude a direct comparison of the levels of liver DNA 
adducts formed between rats exposed to 4-ABP by maternal 
transfer and rats which received a single i.p. injection. 

The maternal transfer of several carcinogens during nursing 
has been shown to result in the development of tumors in the 
offspring (21—23). The extent of DNA modification which 
occurred to fee nursing pups by exposing foe dams to 4-ABF 
in this study indicates that 4-ABP or its genotoxic metabolites 
are being transferred to pups. The detection of DNA adducts in 
24 day old pups injected with 4-ABF indicates that these young 
rats can effectively activate 4-ABP to s genotoxic agent. Thus, 
foe adducts detected in the pups nursed from dams exposed to 
4-ABP could result from exposure to either 4-ABP or a genotoxic 
metabolite of 4-ABP. The potential susceptibility of infants to 
carcinogen exposure raises concern to exposure of nursing 
mothers to several of ihe [mown carcinogens in tobacco or tobacco 
smoke may result in the partial transfer of these genotoxic agents 
to nursing infants. 


These studies were supported in pa,', from Grant CA29S80 from the National 
Cancer Institute. We gratefully acknowledge the Cornell Tradition for partial 
support of one of the investigators, Ms S.Stem. 
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